Introduction
Genomes contain many perfect and approximate tandem repeats (TRs) which are two or more adjacent similar DNA sequences of a certain length and are products of tandem duplication. Duplication generally requires small non-duplicated repeats as primers [1] . Present techniques for finding TRs are divided into fully automated techniques such as the Tandem Repeats Finder (TRF) [2] , TROLL and Sputnik, and visualization techniques such as REPuter and FORRepeats. The fully automated techniques are not suitable for detecting the TRs with a long period and a low identity. So, we use the color-coding method (CC) that is suitable for detecting local repetitive structures such as TRs [4] . The CC method is a visualization technique in which nucleotides are substituted by squares filled with user-defined colors in accordance with a nucleotide type, and the color-coded sequence is aligned into two dimensions with a column width. When a TR exists in the sequence, the TR can be detected as a recognizable pattern. In this study, we detect the TRs from 44 prokaryotic genomes using CC. In order to clarify the advantages of CC, we compare the results detected by CC and TRF in D. radiodurans, H. influenzae and Y. pestis. In addition, by visualizing the results obtained with TR similarity search, we examine TR structures detected by CC.
Materials and Methods
For the detail of CC, see the original paper [4] . We have developed the Java applet CC viewer to detect TRs. Users can change color, width and other parameters. We analyzed the complete genomes of 35 Bacteria and 9 Archaea. All genome sequences were downloaded from GenBank. TRs with a sequence similarity higher than 50% and a period longer than 30bp were detected. For comparison of the results detected by CC and TRF, we studied agreement between TRs detected by the two different methods by local pairwise alignment using Smith-Waterman algorithm. For TR similarity search, we used SSEARCH (E-value ≤ 0.001) [3] . Table 1 shows the information entropy, the total number and the density of the TRs for 44 prokaryotic genomes. It turned out that the genomes have quite different total number of TRs. This result is considered to be associated with the nucleotide composition of genome sequence. In low complexity genomes, small non-duplicated repeats (duplication primers) could be generated more often by chance compared to the genomes with a non-biased base composition; this would lead to more abundant TRs. To test this hypothesis, we calculated the correlation coefficient, ρ, between the total number of TRs and the information entropy (information entropy is a measure of bias of mononucleotide distribution [1] ). It turned out that the total number of TRs is negatively correlated with the information entropy (ρ = −0.31). This correlation indicates that if complexity is low, the total number of TRs is large.
Results and Discussion
In the comparison of the results detected by CC and TRF in the three genomes, almost all TRs detected by TRF are detected by CC. In addition, CC detects the TRs with a lower sequence similarity and a longer period. The TR similarity search shows that some TRs appear in common over many genomes. The results are visualized in Figure 1 . Table 1 : The information entropy, the total number and the density of the TRs for 44 prokaryotic genomes. Information entropy is defined as − p i log 2 p i where p i is the frequency of nucleotide i (A, T, G and C). Density is defined as (total number of repeats) / (genome size) and its unit is per Mbp. 
